Introduction
Clove oil, an essential oil obtained from buds of clove tree (Syzygium aromaticum), has been traditionally used as topical anesthetic for toothaches, headaches, joint pain. It is also used as an alternative fish anesthetic (1, 2) , according to its ease of obtaining and inexpensiveness as well as safety for both fish and human (3) .
The major component of clove oil is eugenol, which is about 90-97% of total oil. Both clove oil and eugenol have been used to anesthetize rainbow trout (Oncorhynchus mykiss) (4), red pacu (Piaractus brachypomus) (5) , beluga (Huso huso) (6) , nile tilapia (Oreochromis niloticus) (7) , and flowerhorn fish (Amphilophus labiatus × Amphilophus trimaculatus) (8) . Furthermore, eugenol can be used in other aquatic animals such as Indian shrimp (Fenneropenaeus indicus) (9) , whiteleg shrimp (Litopenaeus vannamei) (10) , and the amphibians as African clawed frog (Xenopus laevis) (11) , as well as mammals like rat and mouse (12, 13) .
Even both compounds are widely used for anesthesia of aquatic animals, the anesthetic mechanism pathway of clove oil or eugenol is unclear in fish, but a hypothesis is expectedly via gamma-aminobutyric acid (GABA) and glutamate receptors (14) . Invertebrate animal models are preferable choice for drug-screening and used instead of vertebrates. They offer a great potential for cost-effective due to culture conditions fulfill the requirements for large-scale screens, less ethical concern, and fundamental biological mechanisms of invertebrates correlate with mammals (15) . In case of signal transmission, the receptor of invertebrate
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Released online in J-STAGE as advance publication April 30, 2017. animals such as cricket (Gryllus domestica) and fruit fly (Drosophila melanogaster) on presynaptic nerve terminals or muscle membranes have a similar pharmacological profile as 5-HT like receptor subtype (16, 17) . Furthermore, silkworm (Bombyx mori) was discovered that the neurotransmitters of glutamic acid functions acted on their neuromuscular junction. D-glutamic acid and kainic acid as glutamate receptor agonists could induce muscle contraction in silkworm after injected into hemolymph, meanwhile, L-glutamic acid presented as antagonist to the activities of D-glutamic acid and kainic acid. Hence, after injection these glutamate receptor agonists, muscle contraction would be inhibited by injection of L-glutamic acid (18) . It was suspected whether the mechanism of action of clove oil as anesthetic agent was involved in glutamic acid functions. We hypothesized that clove oil and eugenol might have anesthetic activity as glutamate receptor antagonist, and should inhibit muscle contraction induced by both D-glutamic acid and kainic acid.
Materials and Methods

Materials
Clove oil was purchased from Thai-China Flavours & Fragrances Industry (Nonthaburi, Thailand). Eugenol was from Sigma-Aldrich (Steinheim, Germany). L-glutamic acid, D-glutamic acid, sodium hydroxide, and ethanol were from Wako Pure Chemical Industries (Osaka, Japan). Kainic acid was from Abcam (Cambridge, UK). Saline was from Otsuka Pharmaceutical (Tokyo, Japan).
Silkworm larvae muscle contraction assay
The assay was performed according to the method previously described by Sekimizu et al. (18) . The 5 th instar larval stage silkworms, body weight of 4-6 g, were prepared and their heads were cut off with scissors, then peritrophic membranes and silk glands were removed. Each specimen was tied with strings and attached with load of 29-30 g. The test samples of this study, included 20-80 mM L-glutamic acid, 0.9-90% ethanol (as vehicle), clove oil containing 6-600 mM eugenol (namely 6-600 mM clove oil), and 6-600 mM pure eugenol, were dispersed in saline and filled in a 1-mL syringe attached to a 27-gauge needle (Terumo, Tokyo, Japan). Then, the test samples (50 µL) were injected into the silkworm specimens, followed by an injection of 40 mM D-glutamic acid or 0.2 mM kainic acid (50 µL). The intensity of muscle contraction was expressed as the contraction value calculated by the following equation; (x -y)/x. Where x and y are the maximum length (mm) of each individual specimen before and after injection, respectively.
Fish anesthetic experiment
Twenty-four goldfish (Carassius auratus) with an average length of 3.97 ± 0.33 cm were stocked separately in 20-L tank and supplied with running and aerated water for 1 week under control conditions. The fish were not fed for 24 h prior to testing.
For the determination of the anesthetic activity, 8 fish were netted and transferred individually to 8 plastic experimental tanks filled with 2 L of water from a similar source. Clove oil and eugenol were diluted with ethanol to obtain the desired concentrations. The fish were placed into each tank containing 60 ppm clove oil, 60 ppm (or 0.36 mM) eugenol, 540 ppm ethanol (as a vehicle control), and 0.4, 4, 20, and 40 mM L-glutamic acid. The tank without any test sample was used as a control tank. Induction time, recovery time, and mortality were estimated, as described by Iversen et al. and Iwama et al. (19, 20) . The induction time is the period from the moment a fish is exposed to the samples until it exhibits anesthesia which can be divided based on fish behavior into 4 stages as followings; no reaction to external stimuli (stage 1), partial loss equilibrium (stage 2), total loss equilibrium and muscle tone (stage 3), and loss of reflex activity (stage 4). After 10-sec stay in stage 4, the fish were transferred into the identical tank without any anesthetic agent and were observed to determine recovery time or mortality. The recovery time is the time that an anesthetized fish takes in order to regain full equilibrium from the moment it is placed in a recovery tank. The recovery is divided into 3 stages as followings; fish begin to have opercular movement (stage 1), recovery of equilibrium and body movement (stage 2), and full recovery similar to preanesthesia (stage 3). The recovery and induction times were recorded for each fish individually. After recovery, the fish were transferred into the maintenance tanks (20 L) and the adverse effects were observed for one week. Each sample was tested in triplicate.
Statistical analysis
Statistical evaluation of anesthetic induction and recovery times in fish experiment was performed by oneway ANOVA (Bonferroni test). Data were presented as mean ± SD. The value of p < 0.05 was considered to indicate significant differences.
Results
Effect of eugenol on D-glutamic acid-induced muscle contraction in silkworm
We re-examined the inhibitory effect of L-glutamic acid on D-glutamic acid followed the established silkworm muscle contraction experiment. D-glutamic acid is an amino acid existed in silkworm hemolymph and dependent. From these results, percent inhibition of 6-600 mM clove oil and eugenol could be calculated and it was found to be 57-79% and 25-65%, respectively. It is concluded that clove oil and eugenol possessed inhibitory effect on D-glutamic acid-induced muscle contraction.
Effect of eugenol on kainic acid-induced muscle contraction in silkworm
Kainic acid, a glutamate receptor agonist, can also induce muscle contraction of decapitated silkworm. Its activity is stronger than D-glutamic acid. A single injection of kainic acid in decapitated silkworm caused muscle contraction with a contraction value of 0.27 within 1 min. After 5-10 min of this contraction, slightly muscle relaxation was observed and fully relaxation was found in 30 min. Ethanol displayed no effect on the contraction by kainic acid. Prior injection of clove oil and eugenol into silkworm larvae inhibited muscle contraction induced by kainic acid in dose-dependent manner, similar to that induced by D-glutamic acid. However, the inhibitory action resulted from clove oil and eugenol on muscle contraction induced by kainic acid was lower than that induced by D-glutamic acid. This might be due to the stronger activity of kainic acid than D-glutamic acid. Silkworm larvae injected with clove oil and eugenol followed by kainic acid firstly showed a slight spasmodic contraction for about 5-10 sec with a contraction value of 0.15 and then fully muscle relaxation was gradually observed. The results in Figure 4 confirmed that clove oil and eugenol inhibited muscle contraction induced by kainic acid. The inhibition was found to be 37-70% and 24-59%, respectively, slightly lower than that induced by D-glutamic acid. From this experiment, it could thought to regulate the muscle contraction in silkworm. A single injection of D-glutamic acid in decapitated silkworm caused muscle contraction with a contraction value of 0.25 within 1 min. After 3 min of this contraction, slightly muscle relaxation was observe and fully relaxation was found in 30 min. Pre-injection with L-glutamic acid showed inhibition on the D-glutamic acid induced muscle contraction as shown in Figure 1 , as previously reported (18) .
We next examined the action of ethanol, which was used to dissolve clove oil and eugenol to the desired concentrations before dispersing in water for fish anesthesia. The ethanol did not show any effect on D-glutamic acid induced muscle contraction, as presented in Figure 2 . Pretreatment of the muscle specimen with clove oil and eugenol showed inhibition of the muscle contraction induced by D-glutamic acid, similar to the pretreatment with L-glutamic acid. However, there was some difference in this inhibitory effect. Silkworm larvae injected with clove oil and eugenol followed by D-glutamic acid firstly showed a short spasmodic contraction for about 2 sec with a contraction value of 0.18 and then fully muscle relaxation was observed. In contrast, L-glutamic acid suddenly showed the inhibitory effect on D-glutamic acid induced muscle contraction, so that the entire muscle relaxation in silkworm larvae was observed. However, after 10 min, the inhibitory activity of L-glutamic acid was disappeared and some slight muscle contraction was observed. Figure 3 showed that the inhibitory activity of clove oil and eugenol on D-glutamic acid induced muscle contraction was dose be concluded that clove oil and eugenol possessed the inhibitory effect on kainic acid-induced muscle contraction.
Fish anesthetic effect of L-glutamic acid
Clove oil and eugenol at 60 ppm induced goldfish anesthesia to stage 4 of anesthetic induction within 6 min, and the fish recovered within 10 min. L-glutamic acid at 20 and 40 mM also induced goldfish anesthesia but to stage 3 within 35 and 25 min, respectively, and the fish could not recover but died. The goldfish received 20 and 40 mM L-glutamic acid significantly showed longer induction and shorter recovery times than those received clove oil and eugenol. Moreover, the fish which received L-glutamic acid at these concentrations were anesthetized to only stage 3, whereas those received clove oil and eugenol could be anesthetized to stage 4 of anesthesia. The recovery behavior was also different. The anesthetized fish which received L-glutamic acid could recover to only stage 2 and then died after that, whereas those received clove oil and eugenol could fully recover to stage 3. Furthermore, it was found that L-glutamic acid at a concentration of 4 mM could induce anesthetic effect in goldfish within 5 min but only to stage 1, after that the fish fully recovered, as exhibited in Figure 5 . The obtained results indicated that L-glutamic acid has slight anesthetic effect on fish.
Discussion
This study demonstrates that clove oil and its main component, eugenol, can inhibit muscle contraction induced by D-glutamic acid and kainic acid in silkworm larvae, similar to the inhibitory effect of L-glutamic acid. Eugenol has been reported to inhibit the nociceptive response caused by glutamate, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid, and kainite in mice (21) . In addition, eugenol showed the inhibitory effect against acetylcholine esterase, an enzyme for hydrolysis the acetylcholine, which can induce paralysis in rice weevil (Sitophilus oryzae) (22) .
The chemical structure of eugenol and L-glutamic acid are completely different which the eugenol is a phenylpropene, whereas L-glutamic acid is an amino acid containing amine and carboxylic acid functional groups, as seen in Figure 6 . This point leads to some different results between these two compounds that the silkworm muscles after L-glutamic acid injection presented the delayed muscle contraction after relaxation by inhibiting D-glutamic acid and kainic acid action. It is possible that silkworm bodies have enzyme to degrade glutamic acid, which preferably degrades L-glutamic acid to D-glutamic acid. Therefore, L-glutamic acid is eliminated faster than D-glutamic acid. Then, the remained D-glutamic acid or kainic acid could show their action of muscle contraction again after L-glutamic acid elimination.
Most of insects have an open circulatory system. The body cavity is filled with hemolymph that bathes the internal organs (23) . Our study demonstrates that injection of clove oil and eugenol into silkworm bodies can induce muscle relaxation, and has inhibitory effect on muscle contraction activity of kainic acid and D-glutamic acid which are agonists of glutamate receptor expressed on larval body wall muscles (18, 24) . The results indicate that clove oil and eugenol have some effects on silkworm glutamate receptor, supporting the effect of these compounds tested in vitro and in vivo in mice (21, 25) .
In contrast to silkworm, fish can receive the test samples which were dispersed in the water tank for fish via the expected organ like gill. The gill is an important organ for respiratory and circulating system for reoxygenated of blood. After that the blood with active substances flows to the other organs including brain (26) , and to the expected GABA subtype A receptors as predominate receptor responds for anesthetic mechanism in fish (27) .
The present study firstly demonstrated that L-glutamic acid, a biological agonist excitatory neurotransmitter in the nervous system, had anesthetic effect in fish. It is possible that glutamate receptor also responded on this effect, contributed to mechanism of eugenol. In case of fish, 0.8-1 mM L-glutamic acid induced transient excitation followed by suppression on the isolated Plotosus electroreceptor, contrast with lower dose (0.2-0.3 mM) induced a sustained excitation (28) . Meanwhile, D-glutamic acid induced fictive swimming in the isolated Lamprey spinal cords that closely matches the in vivo swimming pattern, analogous to isolated mammalian spinal cords (29) .
However, the goldfish which received L-glutamic acid could not recover. It has been hypothesized that glutamic acid is advantaged substance in hyperammonemic conditions, ammonia was detoxified by glutamic acid and then generated glutamine in astrocyte. However, the excess of glutamine could exert osmotic effects and contribute to brain swelling (30) . The prior study showed that glutamine can directly exert toxic effects on cultured astrocytes by increasing reactive oxygen species production and by inducing the mitochondrial permeability transition (31) . This is the first paper to use silkworm larvae for testing fish anesthetic agents and comparing the action of clove oil, eugenol, and L-glutamic acid in both animals. The further investigation is required to challenge with other fish anesthetic agents. It might be possible to use silkworm as model animals for screening new anesthetic agents for fish, since the use of silkworm is low cost, easy breeding, simple handle, and reproducible obtained results (32) .
In conclusion, these results suggest that clove oil and eugenol have inhibitory effect on the D-glutamic acid and kainic acid-induced silkworm muscle contraction similar to L-glutamic acid effect. Moreover, L-glutamic acid induced dose dependent anesthetic effects in goldfish similar to clove oil and eugenol.
